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Signals and Systems Chap. 1 



1.6 BASIC SYSTEM PROPERTIES 

In this section we introduce and discuss a number of basic properties of continuous-time 
and discrete-tune systems These properties have important physical interpretations and 
relatively simple mathematical descriptions using the signals and systems language that 
we have begun to develop. 

1.6,1 Systems with and without Memory 

A system is said to be memoryle&s if its output for each value of the independent variable 
at a given rime is dependent only on the input at that smme time. For example, the b'ysU:m 
specified by the relationship 

y[nl - (2xtn) - ,r 2 H> 2 (1.90) 

is meinCrryleRs* as the value ot y[n\ at uny particular time « () depends only on the vaJue of 
xtnl at that rime. Similarly, a resistor is a roemoryiess system; wUh the Input x(0 taken a* 
the current and with the voltage taken us the output y(t), the input-output relationship of a 
resistor i« 

when; R is the resistance. One particularly simple memoryiess sysLein is the identity sys- 
tem* whose output i* identical to its input That is, the input-output relationship for the 
continuous-time identity system is 

yd) - *(/), 

and the corresponding relationship in discrete time is 

y[n] s *[«]. 

An example of a discicte-timS system with memory U sin acxumnlritor or summer 



L 



and a second example is a 

y[n] « *(« - I J. 

A gapacitor is an example of a continuous-time system with memory* since if the input Is 
taken to be th« current and the output ts the voltage, then 



x{r)dr, 



(1-94) 



where C is the capacitance. 

Roughly speaking, the concept of memory in a sy&tem corresponds to the presence 
of a mechanism in the system that retains or stores information about input values at time* 
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Other than the current time. Fur example, the delay in eq. (1.93) most retain or store the 
preceding value or the input. Similarly, the accumulator in eq, (1.92) mual ''remember" or 
Store information about past inputs* in particular, the accumulator computes the running 
sum of all inputs up to the current time, and thus, ar each instant of time, the accumulator 
must add the current input value to the preceding value of me running sum. In other words, 
th? relationship between the input and output of an accumulator can be described as 



orequivakmty, 



y[n] ~ y[n — IJ -K 



(1.93) 



Represented in the latter way, to obtain the output at the current time x, the accumulator 
must remember the running sum of previous input values, which is exactly the preceding 
value of the accumulator output. 

In many physical systems, memory is directly associated with the storage of energy, 
For example, the capacitor j n e q k (1,943 .stores energy by accumulating electrical charge, 
represented as the integral of the current. Thus, the simple RC circuit in Example 1.8 
and Figure 1 . 1 has memory physically stored in the capacitor. Similarly, the aulomohile in 
Figure 1 .2 has memory stored in its kinetic energy, fn discrete-tune systems implemented 
with computers or digital microprocessors, memory is typically directly omwiated with 
storage regiyirrs that retain values between clock pulses. 

While the concept of memory in a system would typically suggest storing past input 
and output values, our formal definition also leads to our referring to a system as having 
memory if the current output is dependent on future values of the input and output. While 
systems having this dependence rm future values migh: at first seem unnatural, they in fact 
ftn-m an important class of systems, as we discuss further in Section 1 .6,3, 



(1.92) 

(1.93) 
lput is 

0.94) 
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1.6.2 invertibilrty and Inverse Systems 

A system Is said to be irtvertihte if distinct inputs lead to distinct outputs. As illustrated in 
Figure 1.45(a) for the discrete-time caac, if a system is invertible, then an inverse system 
exists thai, when cascaded with the original system, yields an output w[ri\ equal to die 
input x[n] to the first system, Thus, the series interconnection in Figure 1.45(a) has an 
overall mput-output relationship which is the same as that for the identity system. 
An example of an invertible continuous-time system is 



for which the inverse system is 



»v(rt - jy(rt. 



(1.97) 



0-98) 



ThiK example ia illustrated in Figure 1, 45(b). Another example of an invertible system 
is the accumulator of eq. (L92). For this system, the difference between two successive 
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